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the resistance of the crank at this time the pin would be impelled in the direction of P', at right angles to its proper path, but the resistance of the crank just balances the fojrce received from the rod, and, according to Newton's laws, the pin is, at the instant, under a system of balanced forces, and it continues to move in a tangent to its path, unaffected by these forces except as they influence friction. Of course this is only an instantaneous condition, and therefore the pin does not move through any finite distance under such a balanced system of forces.
Strictly speaking, the condition last considered is not equivalent to the action of no force at all, although the forces are balanced, for the pressure of the pin and of the shaft against the bearings results in a frictional resistance tending to retard the motion. The action of the fly-wheel also modifies the motion of the engine, reducing the fluctuation of velocity that would be experienced under the great variation of the resultant force throughout the revolution; but neither of these causes need be treated in connection with the present discussion, which is simply intended to exemplify the nature of constrained motion.
The distinguishing characteristic of a constrained motion is that, in a body having such motion, all points in the body have definite paths in which they move, if motion takes place under the action of any force whatever. The stresses produced in the restraining connections supply the components of force necessary to combine with the primary force, or forces, to give a resultant in the direction of the prescribed path. If these connections are strong enough to resist the maximum stress to which they are thus subjected, no farther attention is required to secure the proper adjustment of the resultant force to the prescribed path. The provision of the necessary strength is in the province of another branch of mechanics, and it may be assumed in the present work that such strength is provided.
It will be shown that absolute constrainment is not possible by the ordinary methods employed in machinery construction ; because all materials are somewhat deformed under stress, but practical constrainment may always be secured ; that is, the departure from the desired motion can be reduced to any required limit.